1. Introduction {#s0005}
===============

Disaster is a common term today. Disaster is defined as 'a social crisis situation' [@bb0005], 'a deadly' event [@bb0010], usually unexpected and unanticipated and cause human suffering [@bb0015]. [@bb0020] provides a list of attributes of disaster: suddenly occurs, demand quick reactions, creates uncertainty and stress, threaten the reputation of organization and escalates in intensity. Disaster management involves activities such as mitigation, risk reduction, prevention, preparedness, response and recovery [@bb0025]. Managing disaster is vital as it threatens organizational goals and permanently impairs the earning power [@bb0030], [@bb0035]. Prominent issues in disaster management are the need for common platform to enable seamless flow of information and lack of integrated system to support emergency activities.

Over the last decade alone (2000 to 2010), the average death toll rose sharply due to the increasing frequency of disasters, especially in developing countries. The United Nations reported that in 2010 alone, 373 earthquakes, floods, cyclones, volcanic eruptions, and droughts occurred, which affected 208 million people around the world, killing nearly 300,000, and costing US\$110 billion in losses [@bb0040], [@bb0045]. Earthquakes in Haiti (12 January), Chile (27 February), and China (13 April), flooding in Pakistan (July to September), and heat wave in Russia (July to September) were the five most devastating natural catastrophes in 2010, which claimed 280,000 lives and US\$52 billion worth of losses [@bb0050]. A World Vision report rationalized these phenomena by quoting climate change as a new driver of disaster risk, which increases both hazards and vulnerabilities [@bb0055]. Although stopping disasters from occurring is impossible, being prepared with the right knowledge and information on disasters is possible.

1.1. Emergency management information systems (EMIS) {#s0010}
----------------------------------------------------

In 1971, the OEP was assigned the task of monitoring a new form of crisis called the"Wage Price Freeze" [@bb0060]. This new role for the OEP included among others, to "monitor nationwide compliance, examine and determine requests for exemptions and prosecute violations" (p. 5) in relation to wage and price changes in the economy. This led to the advent of a flexible system called the Emergency Management Information System and Reference Index (EMISARI). EMISARI was a system designed to facilitate effective communication between people involved in monitoring the Wage Price Freeze situation. The system was designed to integrate people and data into a common platform that could be updated regularly by people who were non-technical administrators [@bb0060]. The EMISARI system was flexible and enabled several hundreds of people to collaborate in responding to a crisis [@bb0060]. [@bb0060] presented complete design principles and guidelines for developing an EMIS. [@bb0065] claimed that "EMISARI incorporated many of the features called for today under the current rubric of knowledge systems". The crux of this paper is 9 design premises, 5 components of DERMIS conceptual design, 8 general design principles and specification and 3 supporting design considerations and classifications. DERMIS is a perfect example to describe an EMIS.

Other literature classifies crisis management information systems as Emergency Information Systems (EIS) [@bb0070]. EIS is defined as any system that is used "by organisations to assist in responding to a crisis or disaster situation" (p. 2148). [@bb0070] further adds that an EIS should be designed to: support communication during crisis response; enable data and gathering analysis; and support decision-making [@bb0070]. [@bb0035] documented vital observation with the use of EIS during the massive earthquake that hit Kobe, Japan, several years ago. Subsequently, other forms of Emergency Management Information Systems include the following:•Sahana Disaster Management Systems for Tsunami (2004), by Sarvodaya.org during Tsunami (2004) [@bb0075], [@bb0080]•Information Management System - IMASH for Hurricane Disasters [@bb0085]•Digital Typhoon, a KMS to provide information for typhoons [@bb0090]•PeopleFinder and ShelterFinder [@bb0095]•Strong Angel III (2006), United Nations Development Program [@bb0045]•Tsunami Resource and Result Tracking Systems [@bb0100]•Case Management Systems in Singapore used during SARS (Severe Acute Respiratory Syndrome) [@bb0105], [@bb0110]•NIMS (National Incident Management Systems) in USA [@bb0115]•DesInventar System, a historical disaster database and post-disaster damage data collection tool, a project by UNDP and countries such as Latin America, Orissa and South Africa are currently using this system [@bb0120], [@bb0125], [@bb0130]•Google\'s Person Finder Tool (launched in 2010) that helped in registering and locating earthquake survivors in Japan (2011), Christchurch (2011) and Haiti (2010) [@bb0135].

1.2. Knowledge and knowledge management systems {#s0015}
-----------------------------------------------

[@bb0140] referred to knowledge as a 'justified personal belief' that directly linked with personal capacity of an individual to take effective action. Knowledge can be tacit or explicit [@bb0145]. Managing both tacit and explicit knowledge is the challenge of knowledge management (KM). Tacit knowledge is the knowledge that cannot be expressed in words whereas explicit knowledge refers to knowledge that can be expressed in words and numbers [@bb0145], [@bb0150]. KM is defined as an activity of helping an organization to create, capture, codify, store, share and apply knowledge effectively. KM in information system perspective refers to the effective tool to enable the knowledge management processes. In this context, a knowledge management system (KMS) is the key enabler of KM and is applied in nature.

Insights about knowledge and managing knowledge have been described and discussed over the years. However, research on KMS is still limited [@bb0150]. [@bb0150] assert that practitioners value KM as it leads to desirable organizational benefits. Fundamentally, KM is enabled by an effective information technology (IT) solution. [@bb0155] supports the notion that despite the obvious relevance of IT for KM, there has been relatively little work on the application of software to this area. KM in IS perspective refers to the effective tool to enable the knowledge management processes. In this context, a knowledge management system (KMS) is the key enabler of KM and is applied in nature. Many researches on KM/KMS defined it as IT-based systems developed to support and enhance knowledge creation, storage/retrieval, transfer and application [@bb0150], [@bb0160], [@bb0165].

KMS includes knowledge-based systems, document management systems, semantic networks, object oriented and relational databases, decision support systems (DSS), expert systems and simulation tools [@bb0170]. Any one or combination of these tools can be designed as effective KMS. DSS, database, groupware and intranet are among the tool of choice by many researchers. For example, DSS was used by [@bb0175], [@bb0180] as the overall representation of their KMS. [@bb0185], [@bb0190], [@bb0165] used database concepts to form a KMS.

1.3. KMS-EMIS relationship {#s0020}
--------------------------

However, literature on EMIS suggests that the designers of a particular system aimed at supporting disaster management, may not necessarily use the terms and theories in the context of KMS. The inherent features of such systems do in real fact support the goals of a KMS for managing emergencies/disasters. A case in point would be the seminal work by [@bb0060], [@bb0195] who clearly demonstrate that both the ERMIS and the subsequently developed DERMIS were in fact driven by KM dimensions and considerations. In the realm of disaster/emergency management information system, [@bb0060], [@bb0065], [@bb0195], [@bb0200] researches seem to be instrumental to all other research.

1.4. Role of knowledge management systems in disaster management {#s0025}
----------------------------------------------------------------

Dealing with disaster situations such as earthquakes, terror threats and other forms of natural or man-made disasters are examples of complex and dynamic environments [@bb0205]. The challenge for an organization is to develop a KMS that can easily adapt to change in dealing with uncertainties [@bb0205], [@bb0210]. [@bb0215] suggests several attributes that KMS should have in helping organizations deal with complex and dynamic environments. These include knowledge management systems that:•Provide a shared knowledge space with use of consistent and well defined vocabulary.•Model and explicitly represent knowledge.•Permit collaborative efforts between employees.•Allow reusable knowledge.•Empower employees based on a knowledge sharing culture.

Knowledge management involves various events and activities and there is a significant role for information technology in this effort [@bb0220]. IT can support the process of knowledge creation, sharing, dissemination and creation of a useful organizational memory system to enhance emergency planning and response [@bb0150]. Knowledge management systems can assist organizations in dealing with dynamic and complex situations such as in dealing with emergencies [@bb0205], [@bb0210], [@bb0225].

For any disaster response center, issues such as managing different stakeholder expectations, priorities, and the various resource and skill sets they bring into an actual crisis response mode, is complex and dynamic. This could lead to difficulties in making accurate decisions, under time-pressured and intense situations, while responding to a particular disaster situation. In this context, we suggest that a KMS can be used for capture and then re-use of specific crisis response knowledge which can support decision making when a crisis actually occurs. The practice of selectively applying knowledge from previous experiences during turbulent moments of decision making, to current and future decision making activities with the express purpose of improving the organization\'s effectiveness, would be possible via a KMS. In addition, we further add that given the dynamic nature of disaster situations, coupled with different inputs and requirements from various stakeholder groups, a disaster manager and center therein, is subject to information overload, which can prevent timely and accurate decision making. A well tested and implemented KMS in this context can help to decide what to look at, what decisions to focus on, and what decisions can be made automatically and/or in advance.

[@bb0230] defines knowledge management, KM, as the practice of selectively applying knowledge from previous experiences of decision-making to current and future decision making activities with the express purpose of improving the organization\'s effectiveness. KM is an action discipline; knowledge needs to be used and applied for KM to have an impact. [@bb0230] further stress that knowledge about past situations are relevant to generate current procedures and forecast future responses. During an emergency situation, lessons learned and understanding of what works best in given situations (both examples of knowledge) [@bb0230] enables emergency managers to be prepared with workable plans to ensure smooth decision making process.

Emergency management involves extensive coordination, communication, and integration within a dynamic and ad hoc environment. The unique nature of emergency situations warrants KMS deployment to support dynamic knowledge processes. In the realm of emergency management, KMS enables the collection, retrieval, dissemination, and storage of the right knowledge to be used in the right place and at the right time. An integrated knowledge solution will greatly improve disaster management efforts, especially in the context of disasters in a highly turbulent environment. However, an adequate coping mechanism must be present to enable such knowledge to transform into life-saving knowledge. Such a mechanism was evident in various KMS tools that were used for emergency management during Hurricane Katrina in North America [@bb0095], [@bb0235], [@bb0240] and the Indian Ocean tsunami [@bb0245], [@bb0250], [@bb0255], both in 2004. Hence, the research aims to delve deeper into the literature in the KMS context for disasters and explore the research gaps.

We examined 141 papers pertaining to knowledge management systems (KMS) in support of disasters, and suggest that two main gaps exist in the current literature in this domain. First, only limited work has been done in three EMIS-KMS subdomains: (i) definition, (ii) use, and (iii) methods. Second, we examined to ascertain if prior works on KMS applied to disaster management relate to the 12 fundamental roles required in a dynamic system to support disasters, as called for by [@bb0060]. Our findings suggest that a significant gap exists in this area. We believe that these two findings warrant the attention of the research community.

2. Review methodology {#s0030}
=====================

Our literature review was based on the five stages of systemic review proposed by [@bb0260], which entails five phases:•Planning the review---reported in [Section 2](#s0030){ref-type="sec"};•Identifying and evaluating studies---reported in [Section 2](#s0030){ref-type="sec"};•Extracting and synthesizing data---reported in [Section 3](#s0065){ref-type="sec"};•Reporting descriptive findings---reported in [Section 3](#s0065){ref-type="sec"}; and•Utilizing the findings to inform research and practice---reported in [Section 4](#s0110){ref-type="sec"}.

2.1. Planning the review {#s0035}
------------------------

The main goal of this review is to ascertain the nature and form of research in relation to applied KMS in aid of disaster. We aim to offer researchers a comprehensive review of previous works related to applying KMS to support disaster management, particularly in the types of tools that have been developed and tested and the works done to map these systems to the roles that emergency responders require in relation to system use. The review process outcome is to offer emergency management/KM communities a series of research ideas to move the field forward.

2.2. Identifying and evaluating studies {#s0040}
---------------------------------------

One main issue that hindered the identification of all papers that analyzed the KMS role for disasters is that most of the papers do not explicitly call the type of information systems used as KMS. The systems are referred to based on their role for business, such as decision support system (supports decision making), expert systems (guide novice users), database systems (systematically organize data), document management systems (manages documents), semantic web/ontology (organizes the terms), and Intranets (provide various services to members), among others. However, the KMS definition covers all of these roles and the combination of the different roles to support knowledge process [@bb0170], [@bb0265]. Therefore, as the first step, we decided to examine the number of papers for the selected keywords. The keywords include key concepts that are general (KM) toward more specific keywords (KMS for disaster/emergency).

Our focus for this review is to analyze KMS applied research. Applied-KMS is referred to as studies based on an actual/real KMS for disaster that exists. We further classified the applied-KMS concept to systems that were either self-developed (by the author and project team) or developed by authors who examined the use of such systems to prove their propositions in mapping KM ideals to the emergency management context.

### 2.2.1. Inclusion and exclusion criteria {#s0045}

The following are the inclusion and exclusion criteria for the paper search:

[Fig. 1](#f0005){ref-type="fig"} summarizes our criteria for the inclusion/exclusion of papers for our analysis. We only selected papers that were published in the last two decades, peer-reviewed, linked to EMIS, focusing on either man-made or natural disasters, of scholarly origin, and applied in nature (i.e., actual systems developed or examined in a KM context).Fig. 1Inclusion and exclusion for the systematic review.

### 2.2.2. Keywords {#s0050}

We focused on two main research areas: (1) Knowledge Management Systems and (2) Disaster/Emergency. For the first area, we included terms such as "knowledge management," "knowledge management systems," "knowledge management system (without "s")," and "KMS" and "KM" (abbreviations) that many authors interchangeably use in relating their research toward KM concepts. The next key terms used were "disaster" and "emergency" [@bb0060], [@bb0270]. Each keyword set was searched individually, and later, combined with other keywords. [Table 1](#t0005){ref-type="table"} presents the keyword sets used for this research.Table 1Focus categories and component title keywords used in construction of KMS disaster related articles.Focus Category1\
Knowledge management2\
Knowledge Management Systems3\
Disaster4\
Emergency5\
KMS for Disaster6\
KMS for EmergencyKM *or* Knowledge managementKMS *or* Knowledge management system *or* Knowledge management system**s**Disaster *or* DisastersEmergency *or* EmergenciesKnowledge Management System**s***or* Knowledge Management System *or* KMS *and* DisasterKnowledge Management System**s***or* Knowledge Management System *or* KMS *and* Emergency[^2]

### 2.2.3. Search strategies {#s0055}

We set out three strategies to sift through papers that discuss applied KMS for disasters.Stage 1**Online Database**The first strategy is to search in online databases. We first searched two online databases that encompass a vast range of IS research, as well as disaster-related research.i.Association of Information Systems Electronic Library (AISeL)The reason for choosing AISeL is given that major IS journals such as the *Journal of the Associations of Information Systems* (JAIS), *MIS Quarterly* (MISQ), *Information Systems Journal* (ISJ), *Journal of Information Technology Theory and Appplication* (JITTA), *Communications of the Association of Information Systems* (CAIS), *Pacific Asia Journal of the Association of Information Systems* (PAJAIS), *Business & Information Systems Engineering* (BISE), and *Scandinavian Journal of Information Systems* (SJIS), and conference proceedings such as Americas Conference on Information Systems (AMCIS), International Conference on Information Systems (ICIS), European Conference on Information Systems (ECIS), Mediterranean Conference on Information Systems (MCIS), and Pacific-Asia Conference on Information Systems (PACIS) are listed in this library. We launched our first search in this online database that requires subscription. Keywords were entered based on [Table 1](#t0005){ref-type="table"}. We gathered all peer-reviewed papers within the time period selected. We realized that our search for "KMS + disaster" or "KMS + emergency" did not list all papers that contain the two sets of keywords; instead, the list yielded many irrelevant papers for the aforementioned keywords. Another problem that we encountered was the results were mostly from conference proceedings, and very few were from journals.ii.EmeraldWe proceeded to search the Emerald online database, which has a large number of disaster-related papers. Emerald has more than 35,000 full-text articles encompassing over 100 reputable management journals. We recorded the journal results to ensure that we collect only peer-reviewed papers, as the advanced search of Emerald does not separate papers based on peer-review status. We had to search based on keyword combination within the journal repository. We recorded all results in the keywords table.Results for "KMS + disaster" and "KMS + emergency" were very large. We went through each listed paper so as not to miss the important ones. We also faced problems similar to those we faced when we used AISeL. The search using Emerald did not list papers with the given keywords only. Our selection criterion, therefore, was to accept all papers that discussed KMS/IS for disasters and reject all papers that discussed either KMS or disasters only, without one relating to the other. Although the search by disaster/emergency yielded a large number of papers from the total number of papers listed in AISeL for disaster and emergency, only 0.7% were related to "KMS + disaster" and only 0.4% were related to "KMS + emergency." The Emerald list has slightly more relevant papers than AISeL, with 5% of the papers for "KMS + disaster" and 5% for "KMS + emergency". The overall search results by online databases are shown in [Table 2](#t0010){ref-type="table"} .Table 2Search result by online database for KMS & Disaster.Focus Category (No. of Papers)Online DatabaseDisasterEmergencyKMS + DisasterKMS + EmergencyAISeL2050299314 (0.7%)11 (0.4%)Emerald57046205287 (5%)283 (5%)[^3]Stage 2**Individual Journals/Conferences**Worried that we might lose a number of important papers in the second stage, we decided to sift through each of the journals and conferences in AISeL, and the journals that frequently appeared in the Emerald general search, such as *Disaster Prevention and Management* (DPM). We managed to collect a number of papers that were not listed in the general search within the selected online database. We narrowed the search by using the International Standard Serial Number (ISSN) of the individual journals in the search.Aside from the journals listed in AISeL and DPM, we have purposefully selected papers from the *International Journal of Information Systems for Crisis Response and Management* (IJISCRAM), which provides an outlet for innovative research in IS for crisis response and management. IJISCRAM has published four volumes from 2009 to 2012 (12 issues thus far). The journal is listed in the InfoSci-Journal online database, a premier research database featuring over 145 cutting-edge journals in information science and technology. Fifty papers have been published in the journal between 2000 and 2011. An advanced search launched in the InfoSci-Journal online database using the keywords listed only one paper under the "KMS + disaster/emergency" keywords. Given our intention to find research gaps, we decided to analyze the 50 papers to learn more about the nature of the papers in this journal. Other journals related to disaster and emergency that we decided to include in this research are *Technological Forecasting and Social Change* (TFSC), *Disaster Management and Response* (DMR), and *Journal of Enterprise Information Management* (JEIM).Aside from the IS conferences listed in AISeL, we selected two more conference proceedings for this analysis, namely, Information Systems for Crisis Response and Management Conference (ISCRAM) and Hawaii International Conference on System Science (HICSS). ISCRAM and HICSS are renowned conferences in IS. ISCRAM brings together a research community dedicated to the promotion of exchange of knowledge and the deployment of IS for crisis management. ISCRAM has organized nine conferences to date. We selected only the papers from the 2011 ISCRAM conference proceedings due to time constraints and the limited scope of this paper. HICSS is another prominent IS conference held on an annual basis in Hawaii. Although it started in 1995, HICSS only began to have a special track in emergency management information systems in 2006. We searched through the HICSS papers starting from 2006 to 2011. Overall, ISCRAM, HICSS, CAIS, and AMCIS are the four conferences that have relevant papers for this analysis.Stage 3**Special Issues**We then searched for KMS papers on disasters to include special issues. We searched through Google with the same keywords. We added "special issue" to obtain special issues only. We only checked up to the second page of the Google search results due to many irrelevant hits. We found that combined-keyword search such as "special issues + knowledge management systems + disaster/emergency" gives less relevant hits compared to search with combined keywords that are more general, such as "special issue + disaster/emergency." We collected 11 special issues and from which, only five have published papers that are IS-related. The rest are either non-IS papers, general disaster issues, or engineering papers. The total number of relevant papers from this source is 19.The results based on all the abovementioned sources and keyword sets in [Table 1](#t0005){ref-type="table"} are shown in [Table 3](#t0015){ref-type="table"} . A total of 8408 papers were listed when the keyword "KM" was used. When we searched for KMS, the number dropped to 751. When we used the keyword sets "KMS + disaster" and "KMS + emergency," 123 papers were generated. After a careful selection based on the inclusion and exclusion criteria, which is described in the following section, 141 papers pertaining to KMS and disaster/emergency were identified.Table 3Summary of search results.Results by SearchUnit of Analysis (Selected Papers)Knowledge Management (KM)Knowledge Mangement Systems (KMS)DisasterEmergencyKMS + DisasterKMS + EmergencyNo.JournalsOnline Database1JITTAAISeL33101500062MISQAISeL7221660013ISJAISeL00000004CAISAISeL654866772105JAISAISeL411014101006PAJAISAISeL141210007IJISCRAMInfoSci151202211488TFSCScienceDirect11513150857529DMRScienceDirect1026120900010DPMEmerald33459172898444811JEIMEmerald42992671416011Conferences1AMCISAISeL1682861762244442ICISAISeL2408547542423ISCRAM (2011 Full Papers)32314HICSS (All papers in 1994--2011)3018Special IssuesJournal Name1Special Issue on DisasterDisaster Prevention and Management112Special issue on Advances in Multi-Agency DisasterIS Frontiers553Special Issue on Sensors for Disaster and Emergency Management Decision MakingSensors334Special Issue on Disaster Risk Reduction and Sustainable DevelopmentSustainability115Special Issue on Emergency Management SystemsInternational Journal of Intelligent Control and Systems99Dissertation1FIU Electronic Theses and DissertationsAISeL11**Total:**84087512499168810320**141**

2.3. Extracting and synthesizing data {#s0060}
-------------------------------------

We extracted papers from the various sources mentioned above based on the following extraction process in [Fig. 2](#f0010){ref-type="fig"} .Fig. 2Extraction Process.

[Fig. 2](#f0010){ref-type="fig"} recaps the basis of selecting papers for our review. As mentioned from the main databases and other options that were utilized, only KMS papers that were applied in nature and linked to emergency/disaster management were selected for further review. The subsection that follows presents a report of the papers that were relevant based on our selection criteria. From a total of 141 papers, only 51 were selected for final review.

3. Descriptive findings {#s0065}
=======================

3.1. Research Gap 1: KMS for disasters {#s0070}
--------------------------------------

### 3.1.1. Percentage of KMS for disaster/emergency papers over KM and KMS papers {#s0075}

Based on [Table 3](#t0015){ref-type="table"}, and as further summarized in [Table 4](#t0020){ref-type="table"} , only 751 papers are KMS papers (9%), 103 papers are KMS for disaster papers (1%), and 20 papers for KMS for emergency (0.2%) from the total of 8408 KM papers. These percentages clearly highlight a lack of research in the area of KMS for disaster or emergency management.Table 4Fraction of papers within KM and KMS total papers.KM Papers (Total = 8408)KMS Papers (Total = 751)Units%%KMS + Disaster1031%14%KMS + Emergency200.2%3%KMS7519%--

### 3.1.2. Percentage of applied-KMS for disaster/emergency papers over the total unit of analysis {#s0080}

Based on the inclusion conditions and the extraction process mentioned above, 141 papers were potential units of analysis. In this part, we further categorized the papers to indicate their respective types of studies. The number of units is indicated in the parentheses, and a pie chart is presented to reflect the percentages ([Fig. 3](#f0015){ref-type="fig"} ):a)Applied-KMS for Disasters (51/36%): Research based on either the actual/real development of the KMS system or based on case(s) of KMS for disastersb)Conceptual KMS for Disasters (52/37%): Research based on pure conceptual papers that discuss the fundamental influences, processes, or components of KMS for disasters without any empirical test resultsc)Non-Applied Empirical KMS for Disaster (38/27%): Research based on evidence yield from non-IS or non-applied empirical such as surveys or interviews on KMS for disasters Fig. 3Percentage of papers within the selected categories.

This paper will present an analysis of the 51 applied-KMS for disaster/emergency papers. We aim to highlight the research gaps in applied-KMS for disaster research and "roles" as an important component for emergency management information systems (EMIS). The 51 papers will be our final units of analysis.

### 3.1.3. Applied KMS-disaster papers: General information {#s0085}

[Table 5](#t0025){ref-type="table"} lists the 51 papers sampled for this paper. The information presented includes the following: if the authors of the 51 papers developed a system (1 = Yes, 0 = No), and vice-versa, the name of the EMIS, a brief description of the system, and emergency management focus and method used.Table 5Summary of all papers of Applied-KMS for Disaster.No.Ref. No.Authors (Year)System developed by AuthorName of the EMISDescriptionEmergency Management FocusMethod1[@bb0275]Aedo et al. (2006)0ARCEWeb-emergency MISWeb based systemModel based2[@bb0280]Aziz et al. (2009)1RFIDBuilding assessment systemresponse and recoveryScenario-based3[@bb0285]Bas Linse et al. (2011)0iTask systemWorkflow management systemsSearch and RescueCase study4[@bb0290]Ben Saoud et al. (2006)1SimGenisAgentbased simulationRescue plansField test5[@bb0295]Bharosa & Janssen (2010)1CEDRICWeb-application for information sharingCrisis responseCase study6[@bb0300]Bond et al. (2008)1PPMS + RTGPS Based Monitoring SystemPrevention,PreparednessUnclear7[@bb0305]Büscher et al. (2009)1OverviewPalCom-enabled systemVirtual TeamworkExperiment based8[@bb0310]Campbell, B. (2011)1Virtual globeRole playing gamesHospital EvacuationCase study9[@bb0315]Canós et al. (2011)1ShyWikiHypertext spatial mediaEmergency ResponseCase study10[@bb0320]Caragea et al. (2011)1EMERSEEmergency ResponseEmergency ResponseExperiment based11[@bb0325]Catarci et al. (2011)1WORKPADProcess Management SystemEmergency ResponseLab test12[@bb0330]Chen & Dahanayake (2009)1PMISRSPersonalized Multidisciplinary Information Seeking and RetrievalEmergency ResponseService-Oriented13[@bb0335]Chen, A. et al. (2011)1Integrated componentsRFID tags over mobile devicesDuring disasterField test14[@bb0340]Chiu et al. (2010)1DNRASNotification and Resource AllocationNotificationCase study, Design15[@bb0345]Dalal et al. (2011)1ExpertLensDistribution group decision supportCommunicationDelphi method16[@bb0350]Danielsen & Chabada (2010)0Second Life™3D multi user virtual environmentsEvacuation, TrainingCase study17[@bb0355]Dilmaghani & Rao (2007)1RESCUEWireless Ad hoc mesh networkCommunicationField test18[@bb0360]Fedorowicz & Gogan (2010)0BioSenseDetection tool for bio-terror attacksBio-terror surveillanceCase Study19[@bb0365]Fernández et al. (2008)1vEOC using VRML97Collaborative multi-useremergency response systemsPrototyping20[@bb0370]French et al. (2009)0ThinkTankGroupThinksCollaborationExperiment based21[@bb0375]Fruhling et al. (2006)0STATPackSupport Distributed laboratoriesPreparednessAction research22[@bb0380]Goulart, A. (2010)0Next Generation-9-1-1Real-world systems, spatial databasesEmergency callExperiment based23[@bb0385]Howe, A.W. (2011)0Social mediaCollaboration systemCollaborationAction Research24[@bb0390]Kamill Panitzek et al. (2011)0MIT RoofnetAccess Points of Wireless MeshCommunicationCase study25[@bb0395]Majchrzak et al. (2011)1TNGeographically enabled DSSTraumatized PatientsDesign Science26[@bb0400]Marrella et al. (2011)1WORKPADProcess Management SystemResponseLab test27[@bb0405]McCarthy et al. (2008)1Expert SystemsSpartial DSS, Expert systemsMonitoring and DetectionExperiment based28[@bb0410]McGuirl et al. (2009)1ImagingUAVIncident Command CenterField test29[@bb0415]Muhren et al. (2009)0MS GrooveA peer to peer software systemHumanitarian responseCase study30[@bb0095]Murphy & Jennex (2006)0PeopleFinder, ShelterFinderEmergency systemsCrisis ResponseCase Study31[@bb0420]Netten et al. (2006)0TAIDTask-Adaptive Information DistributorDynamic CollaborativeExperiment based32[@bb0425]Plotnick et al. (2008)1WikiE-communication and collaborationResponseCase study33[@bb0430]Prasanna et al. (2011)1PrototypePrototype for Situation AwarenessFire ResponsePrototyping34[@bb0435]Raman et al. (2010)1TikiWikiWiki-based KMSEmergency ResponseAction research35[@bb0440]Schoenharl et al. (2006)1WIPERWireless Phone-basedEmergency ResponseNot clear36[@bb0445]Shaluf & Ahamadun (2006)1TEESExpert system using xCLIPSDecision SupportMixed Method37[@bb0450]Smirnov, A. (2011)1DSSKnowledge-based Intelligent DSSCoordinationCase study38[@bb0455]Stojmenovic et al. (2011)1PrototypeDecision Support SystemsDecision SupportPrototyping39[@bb0460]Tatomir et al. (2006)1PrototypeMobile AdHoc NetworkMedical CoordinationPrototyping40[@bb0465]Tecuci et al. (2007)1Disciple-VPTA library of virtual planning expertsTrainingField test41[@bb0470]Thomas et al. (2009)1EVResponseGIS-based response managementNotificationDesign science42[@bb0475]Toomey et al. (2009)0Geospatial toolsGeospatial toolsEmergency ManagementAction research43[@bb0480]Trancoso et al. (2011)0OSIntegrated Operational SystemEarly warning systemCase study44[@bb0485]Turoff et al. (1993)0EMISARIDistributed group support systemsDecision SupportCase study45[@bb0060]Turoff et al. (2004)1DERMISEmergency response systemDecision SupportDelphi method46[@bb0490]Turoff et al. (2006)1CRISIS gameComputer Mediated Communication SystemEmergency PreparednessField test47[@bb0495]Wickler et al. (2011)1VCEVirtual Collaboration EnvironmentCommunity ResponseExperiment based48[@bb0500]Wickler et al. (2006)1OpenCVE.netVirtual Collaboration EnvironmentCollaborationExperiment based49[@bb0505]Xue & Liang (2004)0PHEISPublic health emergency information system (PHEIS) inEmergency ResponseCase study50[@bb0510]Yang et al., (2009)1SafetyNETShort and long range wireless communication using sensorEmergency ResponseExperiment based51[@bb0515]Yao et al. (2005)1WebboardVirtual group decisionEmergency PreparednessCase study

Twenty-three of the total number of papers were from the United States, followed by the Netherlands and the UK with five papers each. Spain, Malaysia, Italy, and Denmark have two papers each. [Table 6](#t0030){ref-type="table"} summarizes the papers by country.Table 6Source of Papers by Country.CountryFrequencyPercentageUSA2345%Netherlands510%UK510%Canada36%Spain24%Malaysia24%Italy24%Denmark24%Portugal12%Tunisia12%Russia12%Romania12%Germany12%Norway12%Hong Kong12%Total51100%

Most of the papers were published in the last decade (2000--2010). Only one paper was published in the 1990s (1993), as shown in [Table 7](#t0035){ref-type="table"} .Table 7Source of Papers by Published Year.YearsFrequencyPercentage20111631%2010612%2009918%200848%200724%20061020%200512%200424%199312%Total51100%

The 51 papers selected were from 12 journals/conferences/special issues. IJISCRAM (14 papers) is the main paper contributor followed by special issues (12), and ISCRAM and HICSS conference proceedings (8). The rest of the papers also came from highly ranked IS conference and journals such as TFSC, AMCIS, JITTA, MISQ, and DPM. [Table 8](#t0040){ref-type="table"} presents the sources of papers.Table 8Source of Papers by Journal/Conference/Special issues.SourceFrequencyPercentageIJISCRAM1427%Special issue (4 journal issues)1224%ISCRAM (Conf)816%HICSS816%JITTA48%AMCIS24%TFSC12%DPM12%MISQ12%Total51100%

### 3.1.4. Categories of applied KM systems {#s0090}

Up to 35 papers (69%) ([Fig. 4](#f0020){ref-type="fig"} ) are in the category of KM systems that the author(s) actually developed, and the remaining 16 papers (31%) elaborate actual systems for disasters based on organizational cases or review of publicly available KMS tools.Fig. 4Categories of applied KM systems.

### 3.1.5. Explicit indication of KMS concept {#s0095}

Only 20 papers from the 51 papers had actually mentioned KM or the KMS concept explicitly. The rest of the papers did not mention KM or KMS, although the type of IS that they have referred to is categorized within KMS tools ([Table 9](#t0045){ref-type="table"} ).Table 9Explicit indication of KMS concept in the applied-KMS for disaster papers.UnitsPercentageIndicated KMS Concept explicitlyYes1937%No3263%Total51100%

### 3.1.6. KMS tools used for the applied-KMS for disaster research {#s0100}

Literature indicates that various technological tools can be used to enable KM processes. We summarized and synchronized KMS tools enlisted by three papers in KMS. [@bb0520] enlisted 12 tools for KMS, [@bb0150] with 8 tools, and [@bb0525] with 7 tools. A KMS can be a single tool or a combination of many tools to facilitate KM processes [@bb0520]. All these tools are listed in [Table 8](#t0040){ref-type="table"} with an additional number of tools collected based on the 51 papers ([Table 10](#t0050){ref-type="table"} ).Table 10KMS tools.Gupta & Sharma (2003) [@bb0520]Alavi & Liedner (2001) [@bb0150]Liao (2003) [@bb0525]1. Expert systems\
2. Distributed hypertext systems\
3. Document management\
4. Geographic information systems (GIS)\
5. Help desk technology\
6. Intranets\
7. Concept mapping\
8. Semantic networks\
9. Hypertext (an expanded semantic network)\
10. Information modeling\
11. Contextual indexes\
12. Metadata1. Browser\
2. E-mail\
3. Search/retrieval tools\
4. Information repositories\
5. Web server\
6. Agents/filters\
7. External server services\
8. Videoconferencing1. KM Framework\
2. Knowledge-based systems (KBS)\
3. Data mining\
4. Information and communication technology (ICT)\
5. Artificial intelligence (AI)/Expert systems\
6. Database technology\
7. Modeling

We summarized all the above tools into 16 KMS common tools based on the 51 papers. The following are the counts of applied-KMS for disaster papers by the KMS tools. [Table 11](#t0055){ref-type="table"} maps the tools that authors used/mentioned in the samples selected.Table 11Plot of KMS tools used by authors.KMS ToolsAuthors (year)123456789101112131415161718 (NC)1Aedo et al. (2006)X2Aziz et al. (2009)X3Bas et al. (2011)X4Ben Saoud et al. (2006)XX5Bharosa & Janssen (2010)X6Bond et al. (2008)X7Büscher et al. (2009)XX8Campbell, B. (2011)XX9Canós et al. (2011)XX10Caragea et al. (2011)X11Catarci et al. (2011)XX12Chen & Dahanayake (2009)X13Chen, A. (2011)X14Chiu et al. (2010)X15Dalal et al. (2011)X16Danielsen & Chabada (2010)X17Dilmaghani & Rao (2007)X18Fedorowicz & Gogan (2010)X19Fernández et al. (2008)XX20French et al. (2009)X21Fruhling et al. (2006)X22Goulart, A. (2010)X23Howe, A.W. (2011)X24Kamill et al. (2011)X25Majchrzak et al. (2011)X26Marrella et al. (2011)X27McCarthy et al. (2008)XXX28McGuirl et al. (2009)X29Muhren et al. (2009)X30Murphy & Jennex (2006)X31Netten et al. (2006)XX32Plotnick et al. (2008)X33Prasanna et al. (2011)X34Raman et al. (2010)XX35Schoenharl et al. (2006)XXX36Shaluf & Ahamadun (2006)X37Smirnov, A. (2011)XX38Stojmenovic et al. (2011)X39Tatomir et al. (2006)X40Tecuci et al. (2007)X41Thomas et al. (2009)XXX42Toomey et al. (2009)XX43Trancoso et al. (2011)XX44Turoff et al. (1993)XX45Turoff et al. (2004)X46Turoff et al. (2006)X47Wickler et al. (2011)XX48Wickler et al. (2006)X49Xue & Liang (2004)X50Yang et al., (2009)X51Yao et al. (2005)XXXTotal39020111135111272392

[Table 12](#t0060){ref-type="table"} and [Fig. 5](#f0025){ref-type="fig"} present the frequency of a particular tool that falls within the KMS classification used by authors in reporting their work.Table 12Frequency and percentage of KMS tools used by authors.NoKMS ToolsCountsPercentage from total (51 papers)1AI/Expert Systems/ES/KBMS/Agent-based systems36%2Distributed Hypertext Systems/Browser/Pervasive Computing918%3Document Management Systems/Metadata00%4GIS24%5Help Desk Technology00%6Intranets12%7Concept mapping12%8Semantic Networks12%9Information modeling12%10RDBMS/OODB/Data Mining36%11Social Media/Web 2.0510%12Decision Support Systems/GDSS1122%13Simulation Tools1224%14Groupware/CSWG714%15GIS24%16Workflow system36%17Sensors/wireless sensor network/RFID/Mobile System918%18Not Clear (NC)24%Fig. 5KMS tools used by authors.

Simulation tools seem to be popular for KMS for disasters. Authors from 12 papers (24%) have tested their propositions using simulation tools. This is followed by DSS (10 papers), distributed hypertext systems/browser/pervasive computing (8 papers), and sensors/wireless sensor network/RFID/mobile system tools (8 papers).

### 3.1.7. Applied-KMS for disaster papers by KM dimensions {#s0105}

The papers were categorized based on the three major dimensions of KM papers of [@bb0065], namely, KM influences, KM activities, and KM resources [@bb0530]. The papers categorized as KM influences examined the success factors and KM implementation outcomes. The papers categorized as KM activities discussed KM processes, such as knowledge creation, acquisition, sharing, evolution, and knowledge transfer. Papers grouped as KM resources expounded on the KM components. We have added one more dimension called Knowledge-base, as many applied-KMS for disaster papers constantly indicated this component. [Table 13](#t0065){ref-type="table"} shows the plots of each paper by the KM dimensions.Table 13KM dimensions.No.Authors (Year)Description of the SystemKM Categories based on Holsaple & Joshi (2004)KM ResourcesKM InfluencesKM ProcessesKnowledge-baseKnowledge CreationKnowledge AcquistionKnowledge SharingKnowledge EvolutionKnowledge Transfer1Smirnov, A. (2011)Knowledge-based Intelligent DSSXX2Fruhling et al. (2006)Support Distributed laboratoriesX3Caragea et al. (2011)Enhanced Messaging for the Emergency Response SectorXX4Chiu et al. (2010)Notification and Resource AllocationX5Tecuci et al. (2007)A library of virtual planning expertsX6Shaluf & Ahamadun (2006)Expert system using xCLIPSXXX7Fernández et al. (2008)Collaborative multi-user online appX8Fedorowicz & Gogan (2010)Detection tool for bio-terror attacksX9Canós et al. (2011)Hypertext spatial mediaX10Yang et al., (2009)Short and long range wireless communication using sensor networkXX11Thomas et al. (2009)GIS-based response managementXX12Raman et al. (2010)Wiki-based KMSXX13Turoff et al. (2004)Emergency response systemXXXXX14Turoff et al. (2006) Computer Mediated Communication System15Bharosa & Janssen (2010)Web-application for information sharingXXXX16Murphy & Jennex (2006)Emergency systemsXX17Wickler et al. (2006)Virtual Collaboration EnvironmentX18Xue & Liang (2004)Public health emergency information system (PHEIS) in ChinaX19Muhren et al. (2009)Peer to peer software system:MS GrooveXXXFrequency82448126

4. Utilizing the findings to inform research and practice {#s0110}
=========================================================

Based on our extensive and systematic review of the literature pertaining to KM/KMS and disaster management, we highlight two major gaps that we believe warrant the attention of the research community. These two areas are (i) EMIS-KMS definition, use, and methods, and (ii) embedding roles in the KM systems developed.

4.1. EMIS--KMS definition, use, and methods {#s0115}
-------------------------------------------

Our review of the 51 papers suggests the following. A number of researchers do not necessarily mention the term KM or KMS in the context of working with (design/implementation/assessment) of EMIS in relation to disaster management. In this regard, we call for a closer alignment between EMIS and KMS, given that at times, the objectives of both EMIS- and KMS-driven systems are similar in the area of supporting disaster/emergency management. In terms of use, the papers focused on emergency response and rescue ([Table 5](#t0025){ref-type="table"}). Another popular use is for decision support. Very few papers describe EMIS-KMS use for pre-disaster stages, such as training, preparedness, mitigation, and prevention. We also find that although the majority of the authors have conducted an exploratory and experimental case study method, a limitation exists on action research that aims to solve real problems by introducing change into the social setting ([Table 14](#t0070){ref-type="table"} ). Hence, more work can be done in this area.Table 14Methods used.No.Methods UsedFrequencyPercentage1Model based12%2Scenario-based12%3Case study1325%4Field test612%5Unclear12%6Experiment based918%7Lab test24%8Service-Oriented12%9Field trials612%10Delphi method24%11Prototyping36%12Action research48%13Design Science12%14Mixed Method12%Total51100%

In the disaster context, access is needed for a wide range of real-time information and knowledge that requires coordination. Therefore, knowledge management systems can play a pivotal role in enhancing disaster efforts that allow more use of data and faster actions.

4.2. Roles in knowledge bases for dynamic emergency management {#s0120}
--------------------------------------------------------------

This section aims to examine how the concept of roles is built into the applied-KMS for disasters and supported by tools to perform human roles. We scrutinized the 51 papers to determine if the authors have somehow built in the concept of human roles within their systems. From the 51 papers, only 22 papers relate the system developed/analyzed to any one or more roles that humans play in using these systems. [@bb0060] outlined 12 fundamental roles for EMIS. We examined if one or more of these roles are built in the EMIS/KMS. [Fig. 6](#f0030){ref-type="fig"} gives the details of the number of papers that include "roles" for EMIS design.Fig. 6Overall number of papers that includes 'Roles' for EMIS design in Applied-KMS for Disaster.

We then plotted the roles that the papers indicated based on the 12 fundamental roles outlined by [@bb0060], as shown in [Table 15](#t0075){ref-type="table"} . The plot chart clearly suggests that more work can be done to map systems design to support the 12 fundamental roles as called for by [@bb0060]. Thus, a scope for more research in this area is also present.Table 15Plot of 22 Applied-KMS for disaster papers that indicated any of the 12 Fundamental roles.12 Fundamental roles in EM (Turoff et al., 2004, pg. 15--17)123456789101112NoAuthorsRequest resources: People & ThingsAllocate, delay, or deny resourcesReport and update situationAnalyze situationEdit, organize, and summarize informationMaintain resources (logistics)Acquire more or new resourcesOversight review, consult, adviseAlert all with a need to knowAssign roles and responsibilities when neededCoordinate among different resource areaPriority and strategy setting (e.g., command and control)1Smirnov, A. (2011)**XX**2Fruhling et al. (2006)**X**3Howe, A.W. (2011)**X**4Campbell, B. (2011)**X**5Caragea et al. (2011)**XXX**6Chiu et al. (2010)**X**7Aedo et al. (2006)**XX**8Shaluf & Ahamadun (2006)**XXX**9Fernández et al. (2008)**X**10Fedorowicz & Gogan (2010)**X**11Yang et al., (2009)**XXX**12Plotnick et al. (2008)**X**13Marrella et al. (2011)**X**14Turoff et al. (2004)**XXXXXXXXXXXX**15Ben Saoud et al. (2006)**X**16Netten et al. (2006)**X**17Bharosa & Janssen (2010)**X**18Chen & Dahanayake (2009)**XX**19Prasanna et al. (2011)**X**20Majchrzak et al. (2011)**X**21Murphy & Jennex (2006)**X**22Muhren et al. (2009)**X**

5. Future research {#s0125}
==================

Researchers involved in examining the relationship between knowledge-based EMIS and emergency management could consider the main findings of the current study to explore the options for future work. The four major themes for future research consideration include:•Theme 1: Use of terminology•Theme 2: Applied knowledge-based EMIS in actual disaster situations•Theme 3: Extended action research in the context of EMIS and disaster management•Theme 4: Empirical investigation on successful EMIS implementation and use in support of emergency management from the perspectives of both the community (local citizens) and emergency planners/responders.

5.1. Theme 1: Use of terminology {#s0130}
--------------------------------

Our study shows that researchers seem to interchangeably use various terms such as emergency management, crisis management, and disaster management. Therefore, we call for researchers to streamline the use of terminologies pertaining to emergency/disaster management, as these terms may neither necessarily reflect similar ideas nor could offer different connotations in different circumstances. A need also exists for researchers to clearly differentiate between EMIS and KMS in aid of emergency management. A knowledge management system refers to any IT-based system that is "developed to support and enhance the organizational knowledge processes of knowledge creation, storage, retrieval, transfer, and application" [@bb0150]. The definition includes various tools described in the earlier sections of the current paper. In this context, the following questions suggest the need for more research: (i) Is there a difference between EMIS and KMS for emergencies? (ii) Do these systems differ based on objectives, functions, and features used in the context of emergency management? (iii) Could different forms of knowledge-based EMIS systems be more relevant for a particular disaster phase?

5.2. Theme 2: Applied knowledge-based EMIS in actual disaster situations {#s0135}
------------------------------------------------------------------------

Systems that are well developed and tested in laboratory conditions/simulators but not applied to the real world may seem pointless. More work is also needed in the area of applying KM technologies and systems to actual disasters. This undertaking would require significant efforts and approval from relevant authorities. Nevertheless, findings from such studies would improve disaster response and management. Researchers could continue working with KM systems and conduct tests during actual drills that replicate natural/man-made disasters. We would call for more work on the application of KMS to map the system objectives, functionality, and design to the different phases of a disaster situation. This aspect also applies to mapping the system design to the 3Cs (communication, coordination, and collaboration) in a disaster.

5.3. Theme 3: Extended action research in the context of EMIS and emergency management {#s0140}
--------------------------------------------------------------------------------------

Under Theme 3, more research focusing on the use of applied research methodology such as action research will help researchers understand the relevance of EMIS in emergency management. Action research is gaining popularity, particularly within the IS community. Researchers can use the problem-solving nature of action research to better understand issues inherent in the overall communication, coordination, information sharing, and dissemination across the different phases of a disaster.

5.4. Theme 4: Successful knowledge-based EMIS implementation {#s0145}
------------------------------------------------------------

Emergency management efforts require timely interaction and communication of correct information, and applying relevant knowledge to save lives and property. This concept calls for a KMS that can support and sustain data, and allow efficient and effective information and knowledge processes at a very crucial point. IS in the form of knowledge management systems can support timely interactions and communication in disaster management. The integration of knowledge management concepts into a disaster management system is still very limited. Hence, identifying and testing the success factors for using knowledge-based systems in emergency management is timely. Success factors can be examined from the stakeholder viewpoint of the following groups involved in or impacted by disasters: local authorities, federal agencies, local communities, emergency responders, planners, social worker groups, and non-government organizations. In this scope of work, researchers can use either a deductive or inductive approach to examine KM success factors in the disaster management context.

6. Discussion and summary observations {#s0150}
======================================

Our discussions on the use of KMS in aid of disaster management imply the following. Firstly a well-designed KMS can bring a group of experts together---thus offering a powerful platform for sharing prior experience in managing disasters. This knowledge base can in turn be used to aid timely response disaster situations. Although the idea of using a KMS to aid disaster management has attracted some interest in the last decade, the ideas inherent in applying expert knowledge to aid disaster planning and response are arguably not new. [@bb0540] introduced the notion of using Delphi, more than three decades ago and suggested the importance of expert viewpoints being brought together to address disaster management issues. The major difference though between this seminal work and contemporary literature/projects on KMS is that while the former systems were predominantly led by structured-military style of disaster management driven by manual procedures, the latter systems can be designed to offer more robust and flexible creation, storage, sharing and ultimately dissemination of a disaster related knowledge base. Secondly, even within the realm of a KMS to support disaster management efforts, literature suggests that these systems can benefit from the utilization of social networking ideas---driven by web 2.0 (and beyond) architectures, to offer a more dynamic and real time use of KMS in an actual disaster situation [@bb0060], [@bb0270], [@bb0385], [@bb0545], [@bb0550].

[Fig. 7](#f0035){ref-type="fig"} further explains some of our findings based on our assessment of the literature, which can also be used to suggest several core differences between an informational 'vis a vis' knowledge view of systems designed to support disaster management.Fig. 7KMS Design Decisions for Disaster Management.Source: Adapted from [@bb0545], [@bb0555].

Researchers working on KMS design to support disaster management should take the following issues into consideration. The KMS design should be designed to:•Facilitate community of practice and cater for the need of diverse stakeholder groups impacted by a particular disaster situation (i.e. going beyond mere structured documentation of structured and organized data) [@bb0545]•Allow the creation of an evolving knowledge structure---again implying that while the emphasis of an emergency management information system is largely on the collection of useful information pertaining to disasters, a well-designed KMS caters to the ability of individuals and groups to continuously make changes to the disaster knowledge base seamlessly [@bb0545], [@bb0555]. [@bb0545] in this regard assert that any knowledge structure should support the nature of an ever evolving context, allow flexible alterations and thus classification of meaning in relation to disasters. The authors further add that modern technologies such as wikis, blogs, and other forms of Web 2.0 and beyond architectures support these requirements [@bb0545].•Support both informational and knowledge requirements of different roles played by emergency planners and responders (i.e. allow communities to share both tacit and explicit knowledge domains pertaining to disasters that are highly contextual) [@bb0060], [@bb0555].•Handle timely coordination efforts through both synchronous and asynchronous feedback, during the different phases of a disaster situation. In this regard, we propose that an Emergency Management Information System supports mainly structural/organizational requirements in managing disasters. However a KMS is driven by the need to support timely interactions between humans (communities of practice), and support continuously conversations (synchronous/asynchronous) between people involved in disaster management [@bb0545].

7. Conclusion {#s0155}
=============

This study aims to inform the disaster/emergency knowledge community about the research gaps in the application of knowledge-driven systems in support of emergency management that have been published in the last two decades. In this study, we applied the five-stage methodology of [@bb0260] in writing papers based on the comprehensive review of literature in a given area. This methodology was used to understand the extent and nature of applied KMS research in aid of emergency/disaster management. From an extensive search of 8408 papers in the KM domain, our search list was narrowed to 51 papers (0.6%) that have examined applied-KMS for disaster/emergency. Our in-depth review of the 51 papers suggests that a scope for more significant research on the four major areas is present. First, an urgent need exists for researchers to streamline the use of terminologies pertaining to emergency/disaster management. Second, we feel that more work can be done to ascertain if KMS (for emergency management) and EMIS share similar goals or otherwise. The extent of the similarities/differences between KMS-EMIS in this context could also be further explored. Third, only three papers clearly use an action research approach and relate KMS to disaster/emergency management, despite the call for IS researchers to conduct more applied work based on action research methodology [@bb0535]. Finally, more empirical work is required to better understand the determinants of KMS success factors in the context of emergency/disaster management.
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[^1]: Tel.: + 60 3 89248274; fax: + 60 3 89248919.
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